Objective: To investigate associations between diet and non-dietary lifestyle factors and the onset of overactive bladder (OAB) in men. Subjects: Random sample of community-dwelling men aged 40 years plus. Design and methods: Baseline data on urinary symptoms and diet were collected from 5454 men using a postal questionnaire and a food-frequency questionnaire. Followup data on urinary symptoms were collected from 4887 men in a postal survey one year later. Logistic regression analysis was used to investigate diet and lifestyle factors associated with onset of OAB in the men without OAB at baseline. Results: There was a highly significant negative association between beer intake at baseline and subsequent OAB onset (P ¼ 0.001), with reduced risk at all levels of intake compared with those who seldom/never drank beer. Adjustment for total alcohol intake (g ethanol day -1 ) reduced the significance of the association (P ¼ 0.02). None of the food groups studied was associated with OAB onset, with the possible exception of potatoes (P ¼ 0.05), which showed an increased risk of onset at the highest level of consumption. Physical activity, smoking and obesity were not significantly associated. Conclusions: While most diet and lifestyle factors were not associated with OAB onset, the evidence from this prospective longitudinal study suggests that beer may have a protective role in the development of OAB. This could be due to a nonalcoholic ingredient as well as the alcohol content.
Overactive bladder (OAB) is classified as a symptom syndrome suggestive of lower urinary tract dysfunction by the International Continence Society 1 and is thought to be due mainly to detrusor overactivity during bladder filling 2 . The detrusor is the muscular coat of the bladder and allows bladder filling to occur with little or no change in pressure. Detrusor overactivity is characterised by involuntary contractions of the detrusor during the filling phase that may be spontaneous or provoked. The symptoms of OAB include urinary urgency (with or without urge incontinence and usually associated with nocturia and a high frequency of micturition). The origin of detrusor overactivity may be neurogenic, with a variety of neurological causes 3 ; some of these may be related to diet, for example neuropathies resulting from vitamin B 12 deficiency 4 . Another proposed pathological mechanism is myogenic bladder overactivity 5 . Acute or chronic effects of dietary components on the contractility of the detrusor muscle may be important.
Several studies have investigated the association of nondietary lifestyle factors such as smoking, alcohol and physical activity with incontinence and other urinary storage symptoms, although the results are conflicting 6 -9 . No studies have looked at diet. Identification of lifestyle factors associated with OAB onset in a longitudinal study may help understand the mechanisms in its aetiology and be useful in the development of behavioural strategies for its treatment and prevention.
In an earlier publication we reported on diet and nondietary lifestyle factors associated with OAB onset over one year in women 10 . The present paper reports the results of the equivalent analysis in men.
Methods

Sample and study outline
The study was part of the Leicestershire MRC Incontinence Study of the prevalence and incidence of incontinence and other lower urinary tract symptoms in community-dwelling men and women aged 40 years plus 10 . A random sample of 19 355 men aged 40 years plus was drawn from the Leicestershire Health Authority's lists of 108 general practices. Men living in residential or nursing homes were excluded. A baseline postal questionnaire was mailed in October 1998 and two reminders sent to non-responders at 4-week intervals. Of those mailed, 1797 (9.3%) were not eligible for the sample (moved from study area or deceased) and 10 614 returned the questionnaire (60.5% of the eligible sample). A food-frequency questionnaire (FFQ) was sent to responders to the first and second mailings (n ¼ 8963), excluding those of South Asian origin who have very different dietary habits to the population in which the questionnaire was validated. The FFQ was completed by 5454 men (response rate 60.9%). A year later a follow-up postal questionnaire was sent to all FFQ responders, with two reminders sent to nonresponders. A total of 4887 follow-up questionnaires were returned (response rate 89.7%).
Response rate to the baseline questionnaire increased with age until the 80 year plus group when it decreased and responders were older than non-responders (median age: 58 vs. 56 years, P , 0.001). An in-depth study into non-response at baseline showed little indication of nonresponse bias in the reporting of urinary symptoms at this stage 11 . Response rates to both the FFQ and the follow-up questionnaire also increased with age until the top age group, and again responders were older than nonresponders. After adjustment for age, men with poor general health at baseline were less likely to respond to the FFQ (odds ratio (OR) 0.69; 95% confidence interval (CI) 0.63-0.77) as well as to the follow-up questionnaire (OR 0.76; 95% CI 0.62-0.93).
Baseline and follow-up questionnaires
The baseline and follow-up questionnaires contained questions on urinary symptoms experienced over the previous 12 months. The questions were developed for the study 12 in line with recommended standards 1 . The International Continence Society defines the overactive bladder syndrome as 'urgency with or without urge incontinence, usually with frequency and nocturia' 1 . For the purposes of the present study, OAB was defined as one or both of the symptoms urge leakage ('a strong desire to pass urine that results in leakage of urine before reaching the toilet' at least several times a month) and urgency ('a strength of urgency once you feel the need to pass urine that is typically very strong or overwhelming').
The baseline questionnaire contained questions on smoking habits, typical physical activity level over the previous year compared with people of a similar age, and frequency of participation in vigorous activities that make one sweaty or out of breath. In order to separate those who were physically unable to participate in vigorous activities from those who were able but chose not to participate, this question had an 'unable to participate' category.
Height and weight were used to calculate body mass index (BMI), which was categorised as underweight ( Food-frequency questionnaire The FFQ used 13 was developed and validated by the UK arm of the European Prospective Investigation of Cancer. It contained questions on the frequency of consumption of 130 food and drink items, each with a choice of nine frequencies ranging from 'never or less than once a month' to 'six or more times per day'. Preparation of the data for analysis is described in detail in an earlier paper 10 . Briefly, intakes of a number of food groups were computed by aggregating different food items and then divided into categories (usually quintiles or tertiles) depending on the data distribution of each food group in the cohort. There were also questions on frequency of consumption of a number of drinks. Total daily fluid intake (ml day 21 ) was estimated using volumes assigned to the drinks in the questionnaire. The data were processed to obtain total energy (kJ day 21 ) and nutrient intakes by assigning portion weights and representative food codes to the food items in the questionnaire 13 . This provided a value for total intake of alcohol (g ethanol day 21 ).
Missing values
Although the individual food items generally had small amounts of missing data (less than 2%), summing food items to form food groups resulted in a high percentage of missing data for some food groups. Therefore, where less than 20% of the items forming a food group were missing, values for the missing items were imputed using the mean intake of the non-missing items and the imputed values were used in the calculation of the food groups. All analyses used the imputed values of the food groups, although repeating the analysis without imputation did not substantially alter the results.
Statistical analysis
Logistic regression models were used to examine the association of individual food groups, drinks and lifestyle factors measured at baseline with onset over one year of OAB in the men who had reported no OAB symptoms at baseline. Univariate analyses of food groups were adjusted for age and total energy intake (kJ day 21 ) to control for confounding and to minimise variation due to general underreporting or overreporting of consumption. Analyses of drinks were adjusted for age and total fluid intake (ml day 21 ). Analyses of non-dietary lifestyle factors were adjusted for age and the two physical activity variables were additionally adjusted for physical functioning. This was assessed using the Short Form-36 (SF-36) instrument 14 and divided into quartiles for analysis.
All factors associated with OAB in the univariate analyses (P , 0.10) were entered into a multivariate model. Backward stepwise techniques were used to build the final model, with likelihood ratio tests used to determine significance. Because the urinary voiding symptoms of bladder outlet obstruction (BOO) are highly associated with OAB 2 , and with some of the lifestyle factors being studied 15 -17 , the multivariate model was rerun with an additional adjustment for signs of BOO at baseline. The number of urinary voiding symptoms reported at baseline was used as an indicator of BOO, using five voiding symptoms defined by the International Continence Society 1 (straining to void, intermittent stream, slow stream, hesitancy and incomplete emptying, all reported with a frequency of at least several times a month).
Results
The prevalence of OAB at baseline was 9.4% and increased with age (40-49 years: 4.4%; 50 -59 years: 7.2%; 60-69 years: 8.4%; 70 -79 years: 16.7%; 80 years þ: 24%). There were 4925 men without OAB at baseline, of whom 4382 (89.0%) had information on OAB status at the one-year follow-up. The number of new cases over one year of follow-up was 233 (an incidence rate of 5.3%). The incidence rate increased with age until the top age group (40 -49 years: 2.7%; 50-59 years: 4.3%; 60 -69 years: 5.9%; 70 -79 years: 9.3%; 80 years þ: 7.6%).
In the univariate analyses of food groups and drinks (Tables 1 and 2 ), beer consumption was associated with a reduced risk of OAB onset at all levels of intake, compared with those who never/rarely drank beer. The negative trend in the results was highly significant (P , 0.001). The only food group that showed some association with OAB onset was potato consumption (P ¼ 0.05), where the highest level of intake was associated with an increased risk of onset. Total intakes of energy (kJ day 21 ) and fluid (ml day 21 ) were not associated with OAB onset (results not shown).
After adjustment for physical functioning, physical activity was associated with OAB onset (P ¼ 0.03), with responders who described themselves as more active than others of their age tending to show a reduced risk of OAB onset (Table 3) . Overall, the participation in vigorous activity was significantly associated with onset (P ¼ 0.003). However, the individual odds ratios only showed an increased risk in those who were unable to take part, while the two groups who reported some regular vigorous activity (1 -2 and 3þ times a week) showed no difference in OAB onset. Smoking was not associated with OAB onset. The overall association with the obesity index was not significant (P ¼ 0.11), although the obese group (BMI . 30 kg m 22 ) may be more likely to experience onset of symptoms (OR 1.62; 95% CI 1.04-2.52). In the multivariate model (Table 4 ) the association with beer remained highly significant (P , 0.001) and the association with potatoes approached significance (P ¼ 0.05). The association with vigorous activity remained significant, and, as in the univariate analysis, the increased risk only occurred in the group who were unable to take part, suggesting that the association with OAB is related to morbidity and disability in this group. Self-assessment of typical physical activity level was no longer significant. Rerunning the multivariate model with additional adjustment for the number of voiding symptoms at baseline did not substantially alter the overall results.
Values for total alcohol intake (g ethanol day
21
) were available and a logistic regression was run to look at its association with OAB onset (adjusting for age). The results showed a highly significant negative trend (P , 0.001), with a reduced risk of OAB onset at all levels of alcohol intake compared with those who seldom/never drank alcohol (g ethanol day 21 , OR (95% CI Table 4) .
Discussion
The study provides no evidence that diet is associated with OAB onset in men, with the possible exception of potatoes, where there was a weak association. There was a strong negative association with beer consumption, and this was independent of the total level of alcohol intake. Most population studies on alcohol and incontinence are cross-sectional in design and provide conflicting results 9, 18, 19 . The problem with cross-sectional analysis is that it is not possible to conclude whether an association is causal. For example, OAB cases are likely to cut down on beer intake in order to reduce their symptoms. The present study, however, was longitudinal in design, and the negative associations we observed with beer and alcohol may therefore indicate the presence of a protecting factor. Although the prospective design of the study provides some confidence in the association being causal, we cannot dismiss the possibility that it may represent part of an effect. For example, chronic ill health, which is linked to OAB, may result in abstinence from beer and other alcoholic drinks before the onset of OAB symptoms become apparent. In addition, people with developing OAB symptoms may avoid alcohol because of its diuretic properties.
The results show that both beer and total alcohol are independently and negatively associated with OAB onset, suggesting that non-alcoholic ingredients in beer may be important in addition to the alcohol content. The absence of an association with total fluid intake suggests that the volume of beer is probably not an important factor. Alcohol has both chronic and acute effects on the body. Animal studies on stimulated bladder muscle strips reported reduced contractility of the detrusor and urethra with acute administration of ethanol 20, 21 , while studies on chronic exposure have shown both increased and decreased contractility of the detrusor muscle 22, 23 . Acute alcohol consumption causes a transient decrease in circulating testosterone levels 24 , and an increase in circulating oestrogens in men 25 , and sex hormones have been shown to cause relaxation of certain smooth muscle types by suppressing calcium influx 26 . However, population studies on chronic moderate alcohol intake and testosterone concentration have reported conflicting results 27 . Beers are a relatively good source of folate and vitamin B 6 , and epidemiological studies have related low intakes of B 6 to high plasma homocysteine 28 . This has been associated with cardiovascular 29 and neurodegenerative disease 30 , and population studies have shown an inverse relationship between beer consumption and plasma homocysteine 31 . Beers also contain a number of biologically active non-nutrients. Some of these could affect the contractile properties of the detrusor muscle, for example by acting as b 2 adrenoceptor agonists or muscarinic antagonists. Phyto-oestrogens are present in hops and barley 32 and the isoflavonoid genistein, present in beer, relaxes the contractility of the rabbit detrusor muscle by suppressing calcium influx through the calcium channels of smooth muscle membrane 26 . The only food group showing a possible association with OAB onset was potatoes, where there was a positive association approaching significance (P , 0.05). The fact that only the highest level of intake was associated with an increased risk possibly suggests that intake of some 'toxic ingredient' at this level of consumption may be important. For example, potatoes when green contain solanine, a glycoalkaloid that inhibits the action of neurotransmitters 33 , although it is very unlikely that the present level of intake had a toxic effect. Alternatively, a high potato intake may be an indicator of a diet type possibly associated with an increased risk of OAB onset; such as a high fat intake resulting from a 'fast-food diet' containing a lot of chips. In addition, the possibility of the association with potatoes occurring by chance cannot be ruled out, as the association is weak, and the possibility of finding an association by chance increases with the number of statistical tests being carried out.
Sex differences in pathophysiological mechanisms for OAB may account for the differences in results we obtained in our earlier analyses on women 10 . Smoking and carbonated drinks were positive risk factors in the women, and the results on diet in women suggested that three of the food groups might have a protective role. Beer consumption was not associated with OAB onset in women. Being overweight or obese were both significant risk factors for OAB onset in women, but there was little association in men. Most epidemiological studies on obesity and incontinence have been conducted among women, and have shown obesity to be a risk factor for both urge and stress incontinence 7, 34 . Two studies that did include men showed obesity to be a risk factor in women but not men 9, 18 . Hormonal differences between men and women may account for the some of the differences in results. For example, the increased risk of OAB onset we observed with smoking in women could be related to an anti-oestrogenic effect of smoking on the bladder or uethra 35 . Differences in lifestyle between men and women exist, and could contribute to the differences in their results. The main difference in lifestyle was alcohol consumption, particularly that of beer. Total alcohol consumption was much lower in the women and 75% of the women never or rarely drank beer compared with 25% of the men. It is also possible that the number of male cases did not provide sufficient power for some differences to be detected. Despite original sample sizes being the same, the number of incident cases in the analysis on men was smaller than in the analysis on women (233 vs. 429). Reasons for this were the lower incidence rate of OAB in men (5.3% vs. 8.3%), the lower response rates in men at all stages of the study (e.g. 60.5% vs. 65% at baseline) and a greater percentage of the original male sample being ineligible due to out-of-date records (9.3% vs. 5.0%). In men, factors possibly associated with OAB onset need to be interpreted with care, since the urinary voiding symptoms of BOO, usually the result of benign prostatic obstruction, often coexist with, and may be a cause of, OAB 2 . There is some evidence that BOO induces alterations in the contractile properties and innervation of the bladder, but there is not a straightforward causal relationship between BOO and OAB 2 . Population studies on benign prostatic obstruction and on BOO have identified a number of lifestyle risk factors, including smoking and diet 16, 36 . The published studies on alcohol and BOO are conflicting, although interestingly two studies have shown alcohol to have a protective effect 36, 37 and others a protective effect specifically for beer 38, 39 . The adjustment we made for the number of urinary voiding symptoms reported at baseline did not substantially alter the results of the multivariate model. However, the use of voiding symptoms as an indicator of BOO needs validating and therefore we cannot confidently dismiss the argument that the observed associations of beer and alcohol with OAB onset are in fact operating via an effect on BOO.
The results must be considered in light of the strengths and limitations of the study design. As the analysis was carried out on members of the sample who had completed all three postal questionnaires, the issue of possible nonresponse bias is important. At baseline there was little indication of non-response bias in terms of urinary symptoms 11 . The poorer response to the FFQ and followup questionnaire by the elderly and by those with poorer health is predictable; it could result in a greater loss of incident cases in these groups. The overall outcome is likely to be a reduction in the variability of the data, which could possibly limit our ability to detect genuine associations.
The fact that the FFQ used was validated in a UK population similar to our own 13 strengthens our confidence in the dietary data. There is an acknowledged tendency with FFQs for overreporting of certain foods and by certain population groups; in the present study, any overreporting that does occur is magnified in certain food groups, because the values are totals of lists of items. However, despite finding a two-fold difference in total vegetable intake when determined from a list of vegetables compared with a single question, Amanatidis et al. 40 showed that the effect on ranking of individuals was small. Despite measurement errors, FFQs with an acceptable validity and reliability can be used in large epidemiological studies to rank and categorise individuals to conduct within-group analysis 41 . Random measurement errors that do occur will reduce, not increase, the chance of detecting associations and are therefore likely to underestimate the strength of any associations found. Lifestyle measures such as diet, smoking and physical activity are accepted confounding factors in any analysis on alcohol intake. These lifestyle factors were included in the present analysis, so we can be reasonably confident that the strong association with beer is not due to confounding. A possible confounding effect of occupational social class could not be considered, as the necessary data were not available. However, adjustment for housing tenure, car ownership and employment status did not alter the results for the association with beer.
The present longitudinal study is the first to have considered the association between diet and OAB onset in men. There is no evidence that the food groups studied, with the possible exception of potatoes, play a role in the aetiology of OAB in men. The results of this longitudinal study suggest that an increased consumption of beer may possibly play a protective role. Beer may contain an ingredient that affects the contractile properties of the detrusor muscle, and further work is needed to confirm the results and investigate whether any association with beer is due to alcohol or a non-alcoholic ingredient. In future work, cases need to be identified using stricter clinical indicators of OAB status, with the additional ability to accurately identify cases of BOO.
